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(54) Preform for dispersion-managed optical fibre and method of fabricating the preform by 
modified chemical vapour deposition 



(57) There is provided a dispersion-managed fiber 
preform and a fabricating method thereof preform by 
modified chemical vapor deposition (MCVD). Acoreand 
a clad having the refractive index distribution of an op- 
tical fiber with a positive dispersion value are uniformly 
deposited in a glass tube. The preform with the positive 



dispersion value is heated at every predetermined peri- 
ods with a torch and the heated preform portions are 
etched to have a negative dispersion value. Then, the 
preform alternately having positions with the positive 
dispersion value and positions with the negative disper- 
sion value along the length direction is collapsed. 
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Description 

[0001] The present invention relates generally to an 
optical fiber preform and a fabricating method thereof, 
and in particular, to a dispersion-managed fiber preform 
and a fabricating method thereof by modified chemical 
vapor deposition (MCVD). 

[0002] Due to the wide bandwidth of optica! fibers, op- 
tical communication has attracted much interest for 
long. The optical fibers have a bandwidth so wide that 
multiple telephone channels and TV channels may be 
transmitted through a strand of optica! fiber as thin as a 
hair. The transmission capacity of an optical fiber in- 
creases as its dispersion value at a transmission wave- 
length decreases. An optical fiber having a dispersion 
value of zero at 1 550nm, called a dispersion shifted fiber 
(DSF) has been suggested. Then, an erbium-doped fib- 
er amplifier (EDFA) was developed. The EDFA can am- 
plify an optical signal in a wide wavelength band ranging 
from 1530nm to 1565nm, thereby rendering the WDM 
(Wavelength Division Multiplexing) scheme viable and 
thus furtherincreasingthe optical transmission capacity. • 
In the WDM scheme, optical signals of channels at dif- 
ferent wavelengths are transmitted via one optical fiber. 
However, non-linear reaction between signals at differ- 
ent wavelengths tike four-wave-mixing significantly de- 
teriorates system performance in WDM optical commu- 
nication using a DSF. 

[0003] Andrew R. Chraplyvy solved this problem by 
introducing an optical fiber having a dispersion value of 
2-6ps/km-nm in an optical transmission wavelength 
band, as disclosed in U. S. Patent No. 5,327,51 6 entitled 
"Optical Fiber for Wavelength Division Multiplexing". 
The optical fiber having a very low dispersion value for 
suppression of the non-linear effect is termed an N2DSF 
(Non-Zero DSF). Major NZDSFs are True Wave <™) of 
Lucent Technology and LEAF ^^^^ (Large Effective Area 
Advantage Fiber) of Corning. The recent TrueWave ^'^"^ 
RS optical fiber of Lucent Technology was designed to 
have low dispersion values at an L-band (Long-band 
1 565-1 620nm) as well as at a C-band (Conventional- 
band 1 530-1 565nm), relative to conventional optical fib- 
ers. On the other hand, LEAF (^'') of Corning has a wide 
effective area as compared to other optical fibers. For 
details, refer to U. S. Patent No. 5,835,655 entitled 
"Large Effective Area Waveguide Fiber" by Yanming Liu, 
et. al. Another advantage of the NZDSFs is wide effec- 
tive areas in view of the fact that the non-linear effect of 
an optical fiber decreases as the effective area of the 
optical fiber increases. 

[0004] Because the dispersion value of an NZDSF is 

very low but not zero, the product of the dispersion value 
and a transmission distance continues to increases 
when the transmission distance is long. As a result, dis- 
persion inevitably results in pulse spreading. To solve 
this problem, so-called dispersion management was 
suggested in which two NZDSFs respectively having a 
positive dispersion value and a negative dispersion val- 



ue are alternately connected to a dispersion accumula- 
tion and a transmission distance from exceeding a 
threshold. A dispersion-managed WDM system is an 
ideal optica! transmission system. 

5 [0005] To build a dispersion-managed line, optical fib- 
ers respectively having a positive dispersion value and 
a negative dispersion value are separately fabricated 
and then alternately connected. This conventional 
method makes itdifficultto install optical communication 

fo cables because different kinds of optical fibers must be 
installed alternately along a long optical fiber line. What 
is needed is an improved technique for manufacturing 
dispersion-managed optical fibers from a preform pre- 
pared by one continuous session of the MCVD process. 

15 [0006] It is, therefore, an object of the present inven- 
tion to provide a dispersion-managed fiber prefomn and 
a fabricating method thereof by MCVD. 
[0007] It is another object of the present invention to 
provide a dispersion-managed fiber preform with a pos- 

20 itive dispersion value for a first predetermined length 
and a negative dispersion value for a second predeter- 
mined length. 

[0008] It is a further object of the present invention to 
provide a dispersion-managed fiber preform from which 

25 an optical fiber is drawn to have a positive dispersion 
value for a first predetermined length and a negative dis- 
persion value for a second predetermined length. 
[0009] It is still another object of the present invention 
to provide a dispersion-managed fiber preform uniform- 

30 ly deposited lengthwise and selectively etched to have 
different refractive indexes profiles along the length di- 
rection prior to tube sealing by MCVD and a fabricating 
method thereof.. 

[001 0] It is yet another object of the present invention 
35 to provide a dispersion-managed fiber preform that has 
the refractive index distributions of an NZDSF+ and an 

NZDSF- by making core portions different in thickness 
and an identical refractive index distribution in the other 
core portion. 

40 [0011] To achieve the above objects, a core and a clad 
having the refractive index distribution of an optical fiber 
with a positive dispersion value are uniformly deposited 
in a glass tube. The preform with the positive dispersion 
value is heated at every predetermined periods with a 

45 heater and ten the heated preform portions are etched 
by fluorine to have a negative dispersion value. Then, 
the prefomn alternately having positions with the positive 
dispersion value and positions with the negative disper- 
sion value along the length direction is collapsed. Thus, 

50 a dispersion-managed fiber preform is completed. 
[001 2] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description when tak- 
en in conjunction with the accompanying drawings in 

55 which: 

FIG. 1 is a schematic view of a general fiber preform 
fabricating apparatus using MCVD; 
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FIG. 2 illustrates the preform, the resulting optical 
fiber, and the local dispersion along the axial fiber 
length according to the present invention; 
FIG. 3 illustrates the periodic etching of the MCVD 
tube to periodically change the refractive index pro- 
files of the preform; 

FIG. 4 is a graph showing the refractive Index dis- 
tribution of the dispersion-managed fiber preform 
according to the present invention; and 
FIG. 5 is a graph showing dispersion spectra of an 
optical fiber having the refractive Index distribution 
shown in FIG. 3 at 1530 to 1565nm. 

[0013] A preferred embodiment of the present inven- 
tion will be described hereinbelow with reference to the 
accompanying drawings. In the following description, 
well-known functions or constructions are not described 
in detail since they would obscure the invention In un- 
necessary detail. 

[0014] Referring to FIG. 1 , MCVD will be described in 
brief. A glass tube T is fixed to both chucks 1 2 mounted 
on a horizontal shelf, rotated in the direction indicated 
by an arrow (1 ), and heated by a torch 1 4 while the torch 
14 is rotated in the direction indicated by an arrow (3). 
At the same time, SiCl4 and other chemical gases along 
with oxygen gas are injected into the glass tube T in the 
direction indicated by an arrow (2), for deposition Inside 
the glass tube T. After the "deposition, collapsing and 
closing are implemented. In this manner, a fiber preform 
is fabricated. The MCVD is well known to those that 
have ordinary knowledge in the field. 
[0015] The MCVD Is the process of supplying the 
SiCl4 and other chemical gases along with oxygen gas 
the glass tube T, while heating the glass tube T by mov- 
ing the torch at a predetermined rate, for uniform length- 
wise deposition. This is a very difficult task. 
[0016] In order to fabricate an optical fiber cable hav- 
ing a positive dispersion value alternating with a nega- 
tive dispersion value along the length direction of the 
fiber an optical fiber preform must be developed in a 
controlled manner in which a refractive index distribution 
corresponding to the positive dispersion of the optical 
fiber for a first predetermined length alternates with a 
refractive index distribution corresponding to the nega- 
tive dispersion of the optical fiber for a second predeter- 
mined length along the length direction. FIG. 2 illustrates 
such an optica! fiber preform that exhibits this alternative 
refractive index characteristics. Accordingly, FIG. 2 il- 
lustrates the principle of eliminating signal distortion due 
to dispersion accumulation according to the present in- 
vention despite having a non-zero dispersion value in 
an optical transmission wavelength band. 
[0017] The refractive index distribution of an optical 
fiber (N2DSF+) having a positive dispersion value as 
low as 2.56ps/km-nm in an optical transmission wave- 
length band and the refractive index distribution of an 
optical fiber (NZDSF-) having a negative dispersion val- 
ue is provided so that an optical fiber prefomn exhibiting 



the characteristics of FIG. 2 is obtained. To this end, two 
different refractive index distributions must alternate pe- 
riodically along the length direction in an optical fiber 
preform, which is fabricated by the modified chemical 
5 vapor deposition (MCVD) process in accordance with 
the present invention and has the same composition ' 
profile as the final fiber. 

[0018] The present invention is intended to find out 
the refractive index distributions of the NZDSF+ and 
10 NZDSF- that enable fabrication of an optical fiber pre- 
form having the characteristics shown in FIG. 2 and to 
provide a method of fabricating the optica! fiber preform 
by MCVD. 

[0019] In the present invention, to induce a lengthwise 

15 change in a refractive index distribution in fabrication of 
an optical fiber preform by MCVD, the fiber preform is 
uniformly deposited along the length direction and se- 
lectively etched in intended portions for refractive index 
variation using a torch just before collapsing of a tube. 

20 Motion of a torch 14 is modulated to achieve periodic 
etching while He/02 gases mixed with F-containing gas 
such as CF4 are flowed into the tube just prior to final 
sealing of the collapsed tube, as shown in FIG. 3. 
[0020] The non-etched and etched sections of the 

25 preform should be designed to have positive and nega- 
tive dispersion values, respectively. Therefore, thejte- 
fractive Index profile which has the positive dispersion 
in the original shape of the refractive index profile, and 
has the negative dispersion in the shape formed by in- 

30 ternal etching should be found. The two index profiles 
also should satisfy all other nodal characteristics of the 
single-mode fiber waveguide such as the mode-field di- 
ameter, the cut-off wavelength, and the bending-loss re- 
quirement. '• ^ :•- 

35 [0021] FIG. 4 is a graph showing a refractive index 
distributions of a dispersion-managed optical fiber;pre- 
form satisfying the above-described condition according 
to the present invention. A refractive index difference in 
quantity, A(%) is defined as 

40 

A(%) = [(n(r)-n^)/njx100 (1) 

where n^ is the refractive index of pure glass. 

45 [0022] Thus, a fabrication of a dispersion-managed 
fiber from a preform prepared by a single session of the 
MCVD process is possible in the present invention. 
[0023] FIG. 5 illustrates dispersion values of optical 
fibers having the refractive index distribution shown in 

50 FIG. 4 in a wavelength band ranging from 1530 to 
1565nm. A positive dispersion fiber (NZDSF-j-) has a 
positive inclination as wavelength increases, whereas a 
negative dispersion fiber (NZDSF-) has a negative incli- 
nation as wavelength increases, but they have the same 

^5 magnitude of dispersion. Therefore, if the transmission • 
fiber has the refractive index profiles shown in FIG. 4 
periodicaliy along the fiber length, complete dispersion 
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management is achieved across the whole wavelength 
band of 1530 to 1565nm. 

[0024] As to the positive dispersion fiber, a dispersion 
ranges from 4.1 0 to 4.36ps/km-nm at wavelengths from 
1530 to 1565nm: a dispersion inclination at 1550nm is 5 
0.0065ps/km-nm2, an LP^ mode cut-off wavelength is 
1J-?twn, and a mode filter diameter at 1550nm is 

As to the negative dispersion fiber, a disper- 
ion ranges from -4.19 to -5.61ps/km-nm at wave- io 
lengths from 1 530 toJ„S 6^nm, a dispersion inclination 
at 1550nm is^O?0358ps/krn>Jm2^ an LP^ mode cut-off 
wavelength 5^>U^I±nTr'and a mode filter diameter at 

[002&f>h€-(Sp^cal fibers having the refractive Index 
tributlon shown in FIG. 4 have small dispersion Incli- 
nations at wavelengths as shown in FIG. 5. Therefore, 
they can be used as an excellent N2DSF-f- and NZDSF-. 
[0027] In accordance with the present invention, a dis- 
persion-managed optical fiber is drawn from a single op- 20 
tical fiber preform, as effective as NZDSFs of a positive 
dispersion value and a negative dispersion value, re- 
spectively, that alternate with each other When an op- 
tical fiber of a uniform diameter Is drawn from an optical 
fiber preform according to the present invention and 25 
made into an optical cable, the cable itself becomes a 
dispersion management line. Furthermore, since posi- 
tive and negative dispersion optical fibers having a re- 
fractive index distribution according to the present In- 
vention show very flat dispersion spectra at transmis- 30 
sion wavelengths, they can be used as an excellent 
NZDSF+ and NZDSF-. 

[0028] While the invention has been shown and de- 
scribed with reference to a certain preferred embodi- 
ment thereof, it will be understood by those skilled in the 35 
art that various changes in form and details may be 
made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. 



and 



collapsing the glass tube. 

2. The method of claim 1 , wherein the step of etching 
the heated portions includes the step of etching said 
core. 

3. The method of claim 1 or 2. wherein the step of etch- 
ing the heated portions Includes the step of injecting 
an F-containing gas. 

4. The method of claim 3, wherein said F-containing 
gas is CF4 or C2F6. 

5. The method of claim 1 , wherein periodic etching of 

the MCVDtube is achieved by the modulation of the 
torch motion while He/02 gases mixed with F-con- 
taining gas is injected into the lube. 

6. An optical fiber preform fabricated by modified 
chemical vapor deposition (MCVD), comprising: 

first fiber prefonn portions having the refractive 
index distribution of an optical fiber with a pos- 
itive color dispersion value along the length di- 
rection; and 

second fiber preform portions alternating with 
the first fiber prefonn portions and having the 
refractive index distribution of an optical fiber 
with a negative color dispersion value along the 
length direction, the second fiber preform por- 
tions being generated by heating. 

7. The optical fiber preform of claim 6 fabricated by a 
method of one of claims 1 to 5. 



Claims 



40 



1 . A method of fabricating a dispersion-managed op- 
tical fiber preform from a positive color dispersion 
preform structure using modified chemical vapor 
deposition (MCVD), said positive color dispersion 
preform structure comprising a core and a cladding 
having the refractive index distribution of an optical 
fiber with a positive color dispersion value, the 
method comprising the steps of: 



50 



uniformly depositing said positive color disper- 
sion preform structure in a glass tube (T); 



heating the positive color dispersion prefomn 
structure at predetermined alternating portions 
with a heater (14) and etching the heated por- 
tions to have a negative color dispersion value; 



55 



BNSD0CID:<EP 1116697A2 I > 



EP1 116 697 A2 




FIG. 1 
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axial position 

local dispersion 



FIG. 2 
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FIG. 4 
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DISPERSION 2 
VALUE 
(PS/Km-nm) q 



/ 

NZDSF+ 



-6 
1.530 



NZD5F- 





1.540 1.550 1.560 
WAVELENGTH(/xm) 



1.570i^^^ 



FIG. 5 
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(57) There is provided a dispersion-managed opti- 
cal fiber prefomn and a fabricating method thereof by 
modified chemical vapor deposition (MCVD). Acoreand 
a clad having the refractive Index distribution of an op- 
tical fiber with a positive dispersion value are uniformly 
deposited in a glass tube. The preform with the positive 



dispersion value is heated at predetermined periods 
with a torch and the heated preform portions are etched 
to have a negative dispersion value. Then, the preform 
alternately having positions with the positive dispersion 
value and positions with the negative dispersion value 
along the length direction is collapsed. 
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